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CREEP  OF  THERMOSOFTENING  PLASTICS  IN  AIR  AND  IN  A 
PHYSIOLOGICAL  SOLUTION 

G.I.  Roytberg,  V.N.  Kestel’man,  R.Z.  Rakhimov 
(Moscow  Technological  Institute  of  the  Food  Industry) 

J  The  creep  of  polymer  materials  is  studied  predominantly  under 
conditions  of  static  uniaxial  tension  [1-4].  Established  at  present 
is  the  existence  of  elastic,  elasto-elastic  (nonstationary)  and  vis¬ 
cous  (stationary)  components  of  total  creep  strain.  The  total  strain 
at  a  constant  tensile  load  and  temperature  and  also  the  duration  of 
the  loading  are  connected  with  each  other, [2]: 

•a-eyf  e»(n)  +  *,(«)<.  \  (D 

where  6,  is  the  total  creep  strain;  -  elastic  component;  ly9  - 

elasto-elastic  (relaxation)  deformation;  -) viscous  deformation 

(  -  rate  of  viscous  deformation,  t  -  time).  ^Liquid  media  under 

these  conditions  do  not  change  the  shape  of  the  creep  curves.  It 
was  of  interest  to  clarify  the  possibility  of  using^equation^TlT^for 
describing  the  creep  of  structural  thermosoftening  plastics  with 
other  forms  of  the  stressed  state  in  air  and  in  liquid  media. 

We  studied  the  creep  of  polymers  under  normal  conditions  in  air 
and  in  the  model  medium  -  the  physiological  solution  (0.9%  solution 
of  NaCl  in  distilled  water)  under  static  bending  and  compression.  \ 
The  objects  of  the  investigation  were  polyamide-12  (P-12),  the  co-/ 
polymer  of  trioxane  with  dioxalane  (STD),  fluorinated  polymethylrlreta- 
crylate  (PMMAF),  and  casting  polyethylene  terephtha^ate-'^PETF) .  The 
standard  bars  (for  bending  with  a  diraensj^ink-crr^f0X15X120  mm,  for  a 
compression  mm)  wercTnadeby  the  casting  method  under 

pres^u^e  (P-12,  STD,  PETF)  and  machining  from  a  block  (PMMAF).  Tests 
were  conducted  under  stresses  o’,  which  comprise  different  portions 
of  the  short-term  breaking  load  for  each  material.  The 


mmm 


short-term  bending  strength  of  the  thermosoftening  plastics  was  de 
termined  at  a  rate  of  50  mm/min  and  for  compression  and  tension  - 
at  a  rate  of  15  mm/min  (Table  1).  Creep  strain  was  estimated  with 
a  precision  of  up  to  0.01  mm  according  to  results  of  not  less  than 
five  experiments. 


4  tf 

f ,  Ct/m*u  Cl) 


Fig.  1.  Creep  of  P-12,  ^TD  (b),  PETF  (c),  and  PMMAF  (d)  in  air  (dashed 
lines)  and  in  a  physiological  solution  (solid  lines)  in  the  compres¬ 


sion  process  at  different  values  of  :  1  -  0.05;  2-0.1;  3  -  0.2; 


4  -  0.3;  5  -  0.4.  Key:  (1)  days. 


As  is  evident  from  Fig.  1,  all  the  obtained  creep  curves  consist 
of  two  main  sections:  nonstationary  and  stationary  creep  strains 
(the  instantaneous  elastic  strain  is  not  reflected  on  the  figures). 
These  curves  concur  in  shape  with  the  known  creep  curves  under  con¬ 
ditions  of  static  tension  of  the  majority  of  the  solid  polymer  ma¬ 
terials.  Under  static  bending  the  picture  was  similar.  In  the 
physiological  solution  the  intensity  of  the  creep  strains  is  differ¬ 
ent  than  it  is  with  tests  in  air,  but  the  nature  of  the  curves  re¬ 
mains  unchanged. 


Usually,  it  is  accepted  to  consider  that  in  the  region  of  the 
stationary  strain,  when  the  rate  of  the  process  is  constant,  a  viscous 


deformation  is  observed,  and  in  the  region  of  the  nonstationary  strain, 
an  elasto-elast ic  deformation  is  observed.  To  separate  the  elasto- 
elastic  deformation,  individual  investigators  [5]  continued  the  lin¬ 
ear  segment  of  the  curve  in  coordinates  r  to  the  intersection 
with  the  ordinate  £ n ,  thereby  disregarding  the  time  to  the  approach 
of  the  maximum  of  the  nonstationary  creep  strain.  But  under  the 
conditions  accepted  by  us,  the  time  of  the  deformation  of  the  non¬ 
stationary  creep  is  very  significant  with  respect  to  the  total  time 
of  action  of  the  load,  and,  therefore,  we  cannot  disregard  it. 

Table  1 

■  2 
Short-term  strength  of  thermosoftening  plastics  (kg/cm  ) 


(1) 

MmpMJ 

n»» 
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mi 

117 

596 

760 

era 

m 

m 

1000 

nMV. 

800 

1333 

1350 

ri3T«p 

180 

1 

1040 

552 

Key:  (1)  Material;  (2)  Under  tension;.  (3)  Under  compression;  (4) 
Under  bending. 


Fig.  2.  Dependence  of  the  maximum  of  nonstationary  creep  P-12  (1), 

STD  (2),  PETF  (3),  and  PMMAF  (4)  in  air  (a)  and  a  physiological  solu- 

2 

tion  (b)  on  stress  v  under  compression.  Key:  (1)  kg/cm  . 

In  logarithmic  coordinates  Fig.  2  gives  the  dependence  of  the 
magnitude  of  the  elasto-elastic  strain  on  stress  r  under  compres¬ 
sion  in  air  and  a  model  medium.  The  recti  linearity  of  the  graphs 
confirms  the  earlier  proposed  exponential  function  between  the  strain 
and  stress  [53: 


(2) 


where  A  is  the  parameter  dependent  on  the  medium;  k  -  the  coefficient 
determined  by  the  form  of  loading  (Table  2).  Straight  lines  of  the 
nonstationary  creep  in  a  physiological  solution  are  located  somewhat 
higher  than  the  similar  curves  obtained  during  the  test  in  air. 


Table  2 

Values  of  parameters  for  the  creep  equation  for  thermosoftening 
plastic  P-12 


Key:  (1)  Form  of  deformation;  (2)  Stress,  kg/cm2;  (3)  Time  to  ap¬ 
proach  of  maximum  of  nonstationary  deformation,  days;  (4)  Air;  (5) 
Physiol,  solution;  (6)  Constants;  (7)  Bending;  (8)  Compression; 

(9)  'Dimensionality  vr  with  bending  -  ram/days  and  with  compression  - 
1 /days . 


In  considering  the  dependence  (2)  and  also  the  time  to  the  ap¬ 
proach  of  the  maximum  of  the  nonstationary  deformation  of  creep,  we 
can  present  equation  (1)  in  the  following  form: 

where  is  the  time  during  which  the  maximum  of  the  nonstation¬ 

ary  strain  is  achieved.  The  deviation  of  values  of  creep  strain, 
obtained  according  to  relation  (3),  from  the  experimental  values 
for  the  P-12  was  more  than  6%,  for  the  STD  -  8% ,  the  PMMAF  -  6%,  and 
PETF  -  9%. 

In  formula  (3)  the  rate  of  the  stationary  creep  strain  and 
the  time  of  achievement  of  the  maximum  of  nonstationary  strain  t1 
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are  also  a  stress  function.  In  conditions  of  our  experiment,  it  is 
impossible  to  disregard  the  time  t1  due  to  the  comparatively  short 
total  time  of  the  test.  Considering  this,  we  made  an  attempt  mathe¬ 
matically  to  describe  the  dependence  of  the  deformation  of  the  sta¬ 
tionary  creep  on  stress.  It  was  found  that  for  thermosoftening  plas¬ 
tics  P-12  and  STD  undergoing  static  bending,  the  dependences  v{a) 
and  tt(a)  in  air  and  in  a  model  medium  are  linear  in  logarithmic  co¬ 
ordinates  (Figs.  3  and  4)  and,  consequently,  are  described  by  the 
exponential  function: 

v  •  Bam  ( 4 ) 


and 


(5) 


where  B,  C,  m,  and  n  are  constants.  For  the  STD  with  bending  in  a 

2 

model  medium,  the  linearity  is  retained  to  cr  ^ 200  kg/cm  . 


Fig.  3- 


Fig.  4. 


Fig.  3.  Dependence  of  the  rate  of  stationary  creep  strain  on  stress 


er  with  static  bending  of  P-12  (1)  and  STD  (2)  in  air  (dashed  curves) 

2 

and  in  model  medium  (solid  lines).  Key:  (1)  min;  (2)  kg/cm  . 


Fig.  4.  Dependence  of  time  of  achievement  of  maximum  of  nonstationary 

creep  strain  on  stress  o'  with  static  bending  of  P-12  (1)  and  STD  (2) 

in  air  (dashed  line)  and  in  model  medium  (solid  lines).  Key:  (1) 

2 

mm/days;  (2)  kg/cm  . 


Thus  for  thermosoftening  plastics  with  a  high  degree  of  crystal 
linity  (P-12  and  STD),  the  creep  in  the  process  of  static  bending 
at  high  stresses  in  air  and  in  a  physiological  solution  can  be  des¬ 
cribed  by  the  following  equation: 

•*—  *- + Ao* + (/-Con) . 

E 


(6) 
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